Owing to a considerable shift toward bioprosthesis implantation rather than mechanical valves, it is expected that patients will increasingly present with degenerated bioprostheses in the next few years. Transcatheter aortic valve-in-valve implantation is a less invasive approach for patients with structural valve deterioration; however, a comprehensive evaluation of survival after the procedure has not yet been performed. . The stenosis group had a higher percentage of small valves (37% vs 20.9% and 26.6% in the regurgitation and combined groups, respectively; P = .005). Within 1 month following valve-in-valve implantation, 35 (7.6%) patients died, 8 (1.7%) had major stroke, and 313 (92.6%) of surviving patients had good functional status (New York Heart Association class I/II). The overall 1-year Kaplan-Meier survival rate was 83.2% (95% CI, 80.8%-84.7%; 62 death events; 228 survivors). Patients in the stenosis group had worse 1-year survival (76.6%; 95% CI, 68.9%-83.1%; 34 deaths; 86 survivors) in comparison with the regurgitation group (91.2%; 95% CI, 85.7%-96.7%; 10 deaths; 76 survivors) and the combined group (83.9%; 95% CI, 76.8%-91%; 18 deaths; 66 survivors) (P = .01). Similarly, patients with small valves had worse 1-year survival (74.8% [95% CI, 66.2%-83.4%]; 27 deaths; 57 survivors) vs with intermediate-sized valves (81.8%; 95% CI, 75.3%-88.3%; 26 deaths; 92 survivors) and with large valves (93.3%; 95% CI, 85.7%-96.7%; 7 deaths; 73 survivors) (P = .001). Factors associated with mortality within 1 year included having small surgical bioprosthesis (Յ21 mm; hazard ratio, 2.04; 95% CI, 1.14-3.67; P = .02) and baseline stenosis (vs regurgitation; hazard ratio, 3.07; 95% CI, 1.33-7.08; P = .008).
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Structural valve deterioration can result in leaflet degeneration and failure, as evidenced by valve stenosis, regurgitation, or a combination of both. [2] [3] [4] Owing to a considerable shift toward bioprosthesis implantation, it is expected that patients will increasingly present with degenerated bioprostheses. Treatment of patients with failed bioprostheses is a clinical challenge. Although reoperation is considered the standard of care, these patients are frequently elderly, and repeat cardiac surgery carries significant morbidity and mortality risks. 5, 6 Transcatheter aortic valve replacement has become an alternative, less invasive treatment for patients at high surgical risk with severe symptomatic native aortic valve stenosis. [7] [8] [9] [10] [11] Previous reports have demonstrated the feasibility of treating degenerated bioprostheses with transcatheter heart valves inside failed surgical valves (eFigure 1 in the Supplement). [12] [13] [14] [15] [16] Preliminary data from the Valve-in-Valve International Data (VIVID) Registry revealed that although procedural success was achieved in 93.1% of patients, the valve-in-valve procedure included several safety and efficacy concerns. 17 However, a comprehensive long-term evaluation of valve-in-valve procedures of a larger group of patients with considerable follow-up
has not yet been performed.
Methods

Registry Design
The VIVID Registry was initiated in December 2010 and was designed to collect data on valve-in-valve procedures using mainly self-expandable CoreValve (Medtronic) and balloonexpandable Edwards SAPIEN devices (Edwards Lifesciences).
Valve-in-valve procedures performed using other transcatheter devices or implanted in positions other than the aortic valve were not included in the current analyses. We collected data retrospectively for cases performed before registry initiation and prospectively thereafter. A total of 55 centers from Europe, North America, Australia, New Zealand, and the Middle East contributed data (eTable 1 in the Supplement). Data were collected for cases performed between 2007 and May 2013 using a dedicated case report form. All inconsistencies were resolved directly with local investigators and on-site data monitoring. All patients gave written informed consent to a transcatheter aortic valve-in-valve procedure. The inclusion of patients was approved in each center by a local ethics committee.
Definitions
Prediction of patient operative mortality after conventional surgical valve replacement was calculated using the Society of Thoracic Surgeons (STS) score (http://riskcalc.sts.org /de.aspx) and the LogEuroSCORE (http://www.euroscore .org/calcold.html). Mechanism of bioprosthetic valve failure (ie, stenosis, regurgitation, or combined) was evaluated according to the criteria of the American Society of Echocardiography. 18 Patients with at least a moderate degree of both stenosis and regurgitation were included in the combined group. Other patients were categorized according to the primary mechanism of failure, either in the stenosis group or in the regurgitation group. Body surface area was calculated using the Mosteller formula. Internal diameter of a surgical valve was derived from its label size and manufacturer charts. 19 In cases for which label size was unknown, , as more regurgitant bioprostheses were treated by self-expandable device implantation (P = .02). There were no significant differences in surgical risk scores when patients were stratified according to mechanism of failure or according to the device used during the valve-in-valve procedure. The stenosis group had more women and higher patient body weight, body mass index, and body surface area levels in comparison with the other groups ( Table 1) .
Degenerated Bioprosthetic Valves and Characteristics of Valve-in-Valve Procedures
Patients included in the registry had 1 to 4 previous cardiac surgeries ( cess route in the self-expandable device group was transfemoral (n = 197 [92.5%]) while in the majority of the balloonexpandable device group was transapical (n = 171 [69.5%]; P < .001). Device retrieval was attempted in 10.3% of selfexpandable procedures. A second transcatheter device was implanted in 5.7% of the total patients (self-expandable, 7.5% vs balloon-expandable, 4.1%; P = .05). Ostial coronary obstruction following valve-in-valve implantation occurred in 2% and was more frequent in the stenosis group (3.9%; P = .02).
Clinical Outcomes
The median duration of hospital stay after the procedure was 8 days (interquartile range, 5-12 days). At 30 days, 35 patients (7.6%) had died. Table 3 includes data on procedural outcomes. Patients in the stenosis group had a higher 30-day mortality rate (10.5% vs 4.3% in the regurgitation group and 7.2% in the combined group; P = .04). There were no differences between the self-expandable and balloon-expandable device groups in terms of mortality or stroke rates. The balloonexpandable device group had more major/life-threatening bleeding and more acute kidney injury events, while the selfexpandable device group had more permanent pacemaker implantation. Aortic regurgitation of at least moderate degree was evident in 25 cases (5.4%) after valve-in-valve procedure and was more common in the regurgitation group (9.4% vs 2.8% in the stenosis group and 5% in the combined group; P = .04) and in the self-expandable device group (8.9% vs 2.4% in the balloon-expandable device group; P = .002).
The degree of postprocedure residual aortic stenosis was higher in the stenosis group, manifested by lower mean orifice area and higher mean gradient (orifice area, 1 Time-to-event curves are depicted in Figure 1 . No patients were lost to follow-up. Median follow-up time was 301 (Figure 1, A and B) . There was no significant difference in survival between patients undergoing selfexpandable and balloon-expandable valve-in-valve procedures ( Figure 1C) . One-year mortality was higher among patients undergoing transapical procedures, those with STS scores higher than 20%, and those with a baseline left ventricular ejection fraction of less than 45% (eFigures 3-8 in the Supplement). Figure 2 includes data on correlates for mortality within 1 year after valve-in-valve procedures. Independent correlates included small surgical bioprostheses (HR, 2.04; 95% CI, 1.14-3.67; P = .02), baseline surgical bioprosthesis stenosis (vs re- gurgitation; HR, 3.07; 95% CI, 1.33-7.08; P = .008), transapical access (HR, 2.25; 95% CI, 1.26-4.02; P = .006), and STS score (per 1% increment; HR, 1.01; 95% CI, 1.00-1.01; P < .001). Independent correlates for early mortality (≤30 days) included small surgical bioprostheses (HR, 2.25; 95% CI, 1.03-4.93; P = .04) and for late mortality (>30 days) included baseline surgical bioprosthesis stenosis (HR, 3.33; 95% CI, 1.00-11.31; P = .05).
Discussion
The VIVID Registry is a multinational comprehensive evaluation of transcatheter valve implantations for failed surgical aortic bioprostheses. Survival after valve-in-valve procedures was associated with surgical valve size and mechanism of failure. Patients with baseline stenosis and those with small surgical valves had worse clinical outcomes after valve-invalve procedures.
Mechanism of Failure of Bioprosthetic Valves and Valve-in-Valve Procedures
Valve-in-valve implantation should be considered a heterogeneous group of procedures, performed in widely diverse surgical valves with different degeneration modes. 22 Bioprosthesis failure may present as stenosis that occurs as a consequence of calcification, pannus, or, less commonly, thrombosis. Failure may also present as regurgitation secondary to wear and tear or infection. 23, 24 The mode of failure in the VIVID registry was relatively balanced among stenosis, regurgitation, and a combination of both. Although there was no difference in patient age or calculated risk scores among the groups, clinical outcomes differed significantly. Higher mortality in the stenosis group could partially be attributed to higher rates of specific life-threatening procedural complications, such as ostial left main obstruction. Nevertheless, long-term dissimilarity between the groups could be a result of differences in baseline characteristics and postprocedural hemodynamics. After valvein-valve implantation, patients with baseline stenosis had a lower valve area and higher gradients. Prosthetic-patient mismatch occurs when the effective orifice area is physiologically too small in relation to patient body size. 21 In the current analysis, patients with predominantly surgical valve stenosis had larger body size measures (body weight, body mass index, and body surface area); nevertheless, they had smaller surgical valves implanted compared with the other groups. In patients undergoing surgical aortic valve replacement, lower effective orifice area in relation to body size is associated with lower left ventricular mass regression, less recovery in ventricular systolic function, and lower long-term survival.
21,25-28
Evaluation of Patients for Valve-in-Valve Procedures
Thorough assessment of candidates for valve-in-valve implantation is a key step to obtain optimal results. 22 The current analysis highlights the need for meticulous evaluation of bioprosthesis mechanism of failure before attempting a valve-in-valve procedure. Patients who are diagnosed as having failed surgical valves secondary to stenosis should be further separated into those with degenerated valves and those who have elevated gradients and small effective orifice area as a result of severe PPM with their surgical valve. Occasionally, it is clinically difficult to differentiate between those entities, and a patient may have a combination of both. Small bioprostheses (label size ≤21 mm) have small effective orifice areas and the gradients across them are commonly high, even in the absence of structural degeneration, such as impaired leaflet mobility, significant calcification, or pannus. 29 Therefore, markers for stenosis in bioprostheses should lead to a more detailed assessment of previous echocardiographic examinations and changes in clinical status over years. It seems that the valve-in-valve approach should only be rarely offered to patients after implantation of small surgical valves without signs of valve degeneration, for which gradients are relatively stable over time.
Candidates with surgical valve regurgitation should be evaluated for the location of the leak. Significant paravalvular leak should not be treated by valve-in-valve implantation since no considerable change is expected in regurgitation severity. 22 The current registry reveals an elevated rate of residual leak in the group of patients with baseline regurgitation (9.4%) in comparison with patients with predominantly stenosis (2.8%). Significant postprocedural regurgitation could be attributed to improper treatment of patients with predominantly paravalvular leak at baseline. Transesophageal echocardiography is a key mode during this screening process and should be routinely performed for evaluating leak origin.
Implications for Cardiac Surgery
Increasing global valve-in-valve experience may affect cardiac surgery practice. The valve-in-valve approach may offer an effective, less invasive treatment for patients with failed surgical bioprostheses and, therefore, the trend toward implantation of bioprostheses in younger patients is expected to grow. 1 It is difficult to define an optimal cutoff age for bioprostheses implantation rather than mechanical valves. 30 However, surgeons should be aware that their technique is crucial to allow for the possibility of successful valve-in-valve implantation when bioprosthesis failure occurs years later. According to the VIVID Registry analysis, valve-in-valve outcomes are worse in patients with small surgical valves (label size ≤21 mm) and those with stenosis as the mechanism of failure; an attempt to address these limitations may possibly be made during the index procedure by providing the largest effective orifice area achievable. However, annular enlargement and other related techniques must balance the potential benefit of larger valve against described increase in operative complications. Study results reveal that PPM of the implanted transcatheter heart valve device during valve-in-valve procedures did not influence 1-year survival. However, analyses were limited by lack of echocardiographic data immediately after surgical implantation (median of 9 years before the valve-invalve procedure) that would have enabled evaluation of PPM of the implanted surgical valve. Therefore, a clear differentiation between degeneration of the surgical bioprosthesis and PPM is challenging.
Although dozens of baseline medical and echocardiographic parameters were included in the analyses (Table 1,  Table 2, and Table 3 and eTables 2 and 3 in the Supplement), analyses is limited by lack of several parameters known to be related to clinical outcomes in patients with structural aortic valve disease, including left ventricular mass index, diastolic function, ischemic cardiomyopathy, and frailty.
Conclusions
In this registry of patients who underwent transcatheter valvein-valve implantation for degenerated bioprosthetic aortic valves, overall 1-year survival was 83.2%. Survival was lower among patients with small bioprostheses and those with predominant surgical valve stenosis.
